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1. INTRODUCTION

One of the most interesting resonances from the point of view of the possible existence
of non-gg states is the J¥© = 17F E/f(1420) meson. Its classification in the quark
model is still unclear, its quantum numbers are sometimes subjected to criticisms and
its interpretation as a normal hadronic resonance is not without problems. A further
complication in the E mass region is that the number of states which contribute to the
enhancement observed in the mass spectrum changes from one experiment to the other.
The actual experimental situation in the 1.4 GeV mass region, which has led to the so
called E/: puzzle, is summarized below:

a) A resonancein the K K system, called the E meson, was discovered in pp annihilation
at rest [1] and in this process its quantum numbers were determined to be JFC = 09—+
[2,3].

b) A KKt state in the same mass region was observed in 7~ p interactions with contra-

dicting results: one experiment found J¥¢ = 1+ [4], while other experiments found
JFC =0~ [5,6].

¢) A strong K K signal in the 1.4 GeV mass region has been observed in central hadron-

hadron collisions and, assuming I=0, its quantum numbers have been found to be
JPC = 1++ 7).

d} Several experiments have reported a signal in the E meson mass region in vv* collisions
(8] having quantum numbers J¥¢ = 17 where the parity assignment is favoured but
still requires confirmation.

e) Radiative J/% decay shows evidence for a strong signal (named ¢) which recently has
been found to be composed of a mixture of two resonances with JF¢ = 0~ and one
resonance with J¥¢ = 1++ [g].

f) Hadronic J/v decay to wK K also shows evidence for production of a JPC = 1++
resonance in the K K7 system [10].

This confusing experimental situation has led, in the last ten years, to an intense
phenomenological debate on the possibility that one or more of these states are non-gg
mesons such as glueballs, hybrids or multiquark states {11].

The JF¢ = 1** E meson, now called f1(1420), was considéred, until recently, to be
the s5 member of the axial nonet. However, this hypothesis is in contradiction with several
experimental results, namely:

i) It is not produced in K~ induced reactions, where an s5 state should prominently ap-
pear. On the other hand a different axial resonance, the f1{1520), has been discovered
in these reactions [12], which has the expected properties for being the s5 member of
the axial meson nonet.

ii) The pattern observed in hadronic J/¢ decay (J/ — wE seen, J/1 — ¢E not seen)
is inconsistent with a mainly s5 composition of the E/f1(1420) meson [13]. The same
conclusion comes from the observed rates for production of this resonance in v~
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collisions: ['g is too large for a mainly strange meson [14].

These arguments lead to two possibilities: either the E/f;{1420) belongs to the axial
nonet with a mixing angle far from the ideal one leaving the f;{1520) as an extra state or,
more reasonably, the E/f,(1420) is the extra resonance which does not fit into the quark
model. In the latter case it is interesting to understand what it really is: a hybrid meson
[15], a KK molecule or a multiquark state [14,16].

In addition to these problems, it has also been suggested by some authors [17] who
have performed an analysis on the Dalitz plot projections from published data from the
Omega-WAT76 experiment, that the C parity determination of the E/f1(1420) meson is
indeed wrong and that we are in fact dealing with the JF¢ = 17~ £;(1420) meson.

In order to answer this criticism and to contribute to the solution of the problems
stated above we have reanalyzed the full data sample coming from all the runs of the
Omega-WAT78 experiment. This experiment has been performed in two different runs.
In the first period data have been coliected with incident #* and p beams at 85 GeV/c
beam momentum. In the second run the beam momentum was increased to 300 GeV/c
but only data with incident protons have been collected. Details on trigger conditions,
data processing and event selection for the two experiments have been given in previous
publications [7,18].

This paper is organized as follows. In section 2 we present the mass spectra and
the results obtained in these experiments which are relevant for the understanding of
the E/f,(1420) properties. In section 3 the results from the spin-parity analysis of the
KIK=rT system are presented. Section 4 tests other possible explanations of the data
and finally the results are summarized in section 5.

2. MASS SPECTRA
The reactions:
Tp = x T (KIKFnT)p (1)
at 85 GeV/c and
pp — p(KSK*17)p (2)
at 85 and 300 GeV/c, have been selected from the sample of 4-prong events having one
reconstructed KJ and which balance momentum. The K/x ambiguity in the mass as-
signment of the positive and negative particles was partly solved by using the Cherenkov

information and partly by requiring the Ehrlich mass squared [19], computed on the two
K’s, and shown in fig. 1(2), to be in the range 0.20 < m% < 0.56 GeVZ.

The combined K%K =¥ mass spectrum is shown in fig. 1(b} where prominent signals
corresponding to f1(1285) and E/f,(1420) mesons can be seen.

We have also searched, in the same experiment, for the reactions
pp — p(KTK"x°)p (3)

3



and
pp — p(K¢Kin")p (4)

at 300 GeV/c incident proton momentum.

Reaction (3) has been selected from the sample of 4-prong events balancing momentum
and having only 2+ reconstructed in the electromagnetic calorimeter. One of the two K'’s
was required to be identified as K or ambiguous K/p by the Cherenkov information while
the other K, if reaching the Cherenkov system, was required to have a mass assignment
consistent with being a K. Fig. 2(a) shows the vy effective mass distribution for these
events where a clear 7% peak can be seen. Selecting the 2v mass in the 7° peak we obtain
the Ehrlich mass squared (computed for the two K’s) shown in fig. 2(b) where the peak
centered at the square of the K mass is the signal of reaction (3). The K+ K 70 effective
mass distribution is shown in fiz. 2(c) and shows enhancements in the f1(1285) and
E/f1(1420) regions. An inspection of the K* K~ mass distribution (fig. 2(d)) shows little
evidence for the production of the ¢(1020)x° final state where a possible exotic resonance
has been reported [20].

Since resonances observed to decay to KZK2n° can only have positive C-parity we
have searched for the E/f;(1420) meson in reaction (4) which has been selected from the
sample of events balancing momentum and energy but belonging to two different topologies.

a) Fully reconstructed events having two measured K 2 and only two 4’s coming from
a m decay reconstructed in the electromagnetic calorimeter.

b) Events having two reconstructed K% but only one gamma detected in the elec-
tromagnetic calorimeter. In this case the missing v has been reconstructed as a missing
particle constrainted to come from a 7¥ decay.

The K§ signals for samples a) and b) are shown in fig. 3(b) and 3(d) respectively
and the corresponding KL K 27 effective mass distributions for the two samples are shown
in fig. 3(a) and 3(c) respectively. The sum of the two histograms is shown in fig. 3(e).
Requiring any K7 mass combination to be in the K*° region, we obtain the K* K mass
spectrum shown shaded in fig. 3(e). While the few events present in this channel are not
useful for spin analysis, the enhancement (within the limited statistics) in the 1.4 GeV
region of the KK 27" mass spectrum is consistent with the presence of the E signal and
supports the positive C-parity assignment for this state.

In order to search for other possible decay modes of the E/ f;(1420), we have compared
the K¢ K*»¥ mass spectrum (fig. 4(2)) with those from 27+ 27~ [21], prt o~ [22] and pOy
(23] (figs. 4(b,c,d) respectively). While we observe a clear f;(1285) signal in all the spectra,
no enhancements are visible (except for the 2m*27x~ channel) in the E/ f1(1420) region.
In the 27727~ channel we observe a structure with m = 1449 = 4 MeV and I' = 78 = 18
MeV. This mass value is not consistent (a 4c effect) with the value obtained from the
study of the K¢K=n7 channel. This result is confirmed by a spin analysis and by the
study of the production mechanism of the resonances observed in both the K SK*r¥ and
27127~ channels [21]. We conclude, therefore, that the only observed decay mode of the
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E/f1(1420) meson is K*K and we set upper limits of
B.R{E/f1(1420) — 77) < 0.1 95% C.L.

and

B.R.(E/£(1420) — p') < 0.08 95% C.L.

3. SPIN-PARITY ANALYSIS OF THE K2K*n¥ SYSTEM.

A spin parity analysis of the low mass region of the KIK=7F system has been per-
formed using the Zemach tensor formalism [24,4] through fits to the Dalitz plot distribution.
§/a9(980)m and K*K intermediate states with JP¢ = 0=+, 1%+ 1=+ and 17~ have been
considered. In the fitting procedure, contributions consistent with zero in all the mass
range have been removed from the fit.

The results of the maximum likelihood fits as functions of the KIK=7T mass are
shown in fig. 5 and can be summarized as follows:

a) The JFC = 1*+ K*K wave dominates the spectrum and shows a clear signal at the
E/f1(1420) mass. The fit shown in fig. 5 gives m = 1430 £ 4 MeV and T = 58 = 10
MeV as E/f1(1420) parameters.

b) There is a small JP¢ = 0=+ K*K contribution. A fit with a simple Breit-Wigner
gives m = 1425 =13 MeV and I' = 71 + 31 MeV.

c) There is a relatively small 1t~ contribution.

The absence of any §/a((980)r contribution in the 1.4 GeV mass region agrees well
with the observed absence of a signal in the 77" 7~ system in the same experiment [22].

We thus confirm production in the central region of the E/f;(1420) with a single
decay mode K*K and determine its quantum numbers JP¢ to be 1++. This result,
combined with the positive C-parity assignment coming from the evidence of the decay
E/f:(1420) — KIKIx®, allows us, using the relation G = C(—1)T to determine the
isospin to be zero. Therefore the quantum numbers of the E/f;(1420) are determined to
be IG(JPC) = 0T (1),

No evidence is found for 7(1400) — &§/ao(980)7 which has been reported in 7 induced
reactions [5,6] and in J/% radiative decay [9).

4. TEST OF A POSSIBLE ALTERNATIVE DESCRIPTION OF THE DATA

It bas been argued, in ref. [17], on the basis of a study of the Dalitz plot projections
in the F/f1(1420) region and assuming I=0, that the C-parity of this state is negative.
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This would mean, in fact, that we are observing the A/(1420) meson with JP€ = 1+~ The
authors of ref. {17] claim that proper combinations of JF¢ = 0~+ and 1+~ waves can fit
the data better than 17+, We note that:

a) The comparisons are performed at a fixed mass of the KK system and the Breit-
Wigner shape of the resonance was not taken into account in their analysis;

b) Use of only the Dalitz plot projections does not take into account the two-dimensional
correlation.

For these reasons the comparison between data and expectations can only be quali-
tative. It has also been suggested, in ref. [17], that good spin-parity indicators are the
angles ) and #, shown in fig. 6. Here 8, is the angle formed between the K% and the
7T in the K°K ¥ rest frame and 6, is the angle between the K° and the 7 in the #F K=
rest frame. Monte-Carlo simulations of 8; and 8, for E decays via phase space (50%) and
JPC = 077,17,1%~ K*K are shown in fig. 6.

In this section we show the results of a comparison between fits performed on the
Dalitz plot using the full set of waves described in the previous section:

hypothesis A4 :(JF€ =0+, 1%+ 177, phase space)
and the solution claimed in ref. [17]:
hypothesis B : (JPC =0"7, 1+_,rpha.se space)

Defining the E/f1(1420) to be in the region 1.37 < m(KK=) < 1.49 GeV (2048 events,
see fig. 7 for the Dalitz plot) we have performed a fit using hypothesis A. We obtain, as
fraction for each contribution:

0" =0.11+0.03
17+ =0.44 £ 0.05
17 =0.14 £ 0.03
phase space = 0.31 + 0.04
and log(Likelihood)=565.

This solution has been compared with the data by performing a Monte-Carlo simu-
lation where events have been generated according to the experimental mass distribution
of the KK *n¥ system in the E/ f1(1420) region weighted by the solution found by the
fit. The E/f(1420) Dalitz plot projections and the 8; and 6, angular distributions are
compared with the Monte-Carlo simulation in fig. 8. We observe that we obtain a good
agreement between data and Monte-Carlo simulation in all the distributions. In order to
have a quantitative measurement of the quality of the fit we have computed the x? on the
two-dimensional Dalitz plot distribution. We obtain x2 /NDF = 218/210 corresponding to
a 34% probability. Here NDF is the number of bins in the Dalitz plot with non-zero events
minus the number of parameters used in the maximum likelihood fit (three in this case).
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Similarly, we have then tested hypothesis B. We obtain, in this case, a much worse
likelihood (log(Likelihood)= 520) and fractions:

0~7 = 0.28 = 0.02

177 =0.37 £ 0.02
phase space = 0.35 + 0.04

We have then generated a Monte-Carlo simulation with this solution which is compared
with the experimental data distributions in fig. 9. We note that, even if we can obtain
some description of the data, the quality of the fit is worse with respect to the previous
case. Computing the x* on the Dalitz plot results in a ?/NDF=287/214 corresponding
to a probability of 6 x 1074, -

We conclude, from this analysis, that both hypotheses (JF¢ = =+, 177,17, phase
space) and (JFC = 0=%,17~, phase space) can qualitatively describe the data but the
first hypothesis is strongly favoured (probability=34% against 6. x 107*) with respect to
the second. It is also clear, from figs. 8 and 9, that the difference between hypotheses A
and B is not striking and cannot easily be detected working only on the projections of the
Dalitz plot and at a fixed mass. By performing two-dimensional fits we find that the best
description of the data is given by a dominance of the 17+ wave with weak contributions
of 077 and 1%~ waves.

5. CONCLUSIONS

In conclusion, we have studied the reactions (v /p)p — (=% /p)(K K~)p, where the
KK system is centrally produced, at 85 GeV/c and 300 GeV/c, using the CERN Omega
spectrometer. A spin-parity analysis of the K ¢K*nT system shows the presence of a
strong JF® = 1%+ signal which we identify as the E/f;(1420) meson. We also find
evidence for the decay E/f,(1420) — K3K2n° which determines the C-parity of this state
to be positive. Alternative explanations of the data have been tested and ruled out. Hence
we obtain the quantum numbers of the £/ f;(1420) to be IS(JFC) = 0t (1+t).
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FIGURE CAPTIONS

Fig. 1 (a) Ehrlich mass distribution for the reaction (7% /p)p — (n /Y KLKEr%)p at 85

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

(9]

GeV/c and 300 GeV/c.

(b) KEK*rT effective mass distribution summed over all the data.
(2) 77 effective mass distribution for events candidate to the K*K~r° final state;
(b
(¢) K*K~n0 effective mass distribution;

(d) K+ K~ effective mass distribution in the K+ K — 0 final state.

)
)

Ehrlich mass distribution for the events shown in (a).

)
(a) KZKIn® effective mass for fully reconstructed events;
(b) #* 7~ mass distribution in the V° for fully reconstructed events;
(c) KIK370 effective mass for events having one missing 7;
(d) #* 7~ mass distribution in the V° for events having one missing ~;

(e) KIK2n® effective mass obtained summing the histograms (a) and {c). The shaded
histogram shows the K"K contribution.

Summary of the most important results obtained in this experiment on the f:(1285)
and E/f1(1420) mesons.

(a) K{K*r¥ mass distribution summed over the 85 GeV/c and 300 GeV/c data,
(b) 27727~ effective mass from the 300 GeV/c data;

(c) nrta~ effective mass from the 300 GeV/c data;

(d) py effective mass from the 300 GeV/c data.

Results from the Dalitz plot analysis of the KK*n¥ system. The curves are the
results from the fits described in the text.

Expectations for different spin parity assignments for the distributions of the angles
f: and @7 described in the text. Full line: 0=+, dashed line: 17, dotted line: 1*+-.
The distributions have been generated assumning 50% of signal and 50% of phase space
in the K*K decay mode.

Dalitz plot for the E/f;(1420) region (1.37 < m(KKr) < 1.49 GeV).

The Monte-Carlo simulation performed for hypothesis A - (JPC = o=+, 1%+ 1+
phase space) is superimposed on the data.

The Monte-Carlo simulation performed for hypothesis B : (JF¢ = 0=*,1%~, phase
space) is superimposed on the data.
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